Introduction
Although the collected neutrino experimental data well fit into the three-flavor oscillation model, several short-baseline neutrino experiments have reported anomalies which significantly deviates from the three active neutrino pictures ( [1, 2, 3, 4] ). The SOX project aims to use the Borexino detector to investigate the existence of sterile neutrinos in the ∆m 2 14 region of ∼ 1 eV 2 [5] . The first part of the project consists in deploying a 150 kCi 144 Ce− 144 P r ν e source in a dedicated pit located 8.25 m below the detector's center. Antineutrinos are detected in Borexino by means of inverse beta decay (IBD, 1.8 MeV threshold) on protons. IBD events are clearly tagged using the space-time coincidence between the prompt e + signal and the subsequent neutron capture (τ = 254 µs [6] ) event. Consequently, accidental background is almost negligible. The 144 Ce − 144 P r source has been identified as a suitable ν e emitter having a long enough half-life to allow the source production and the transportation to LNGS. The 144 Ce source β-decays to 144 P r (t 1/2 = 296 days) which rapidly (t 1/2 = 17 min) β-decays to 144 N d emitting ν e above IBD threshold (the endpoint of the 144 P r decay is about 3 MeV).
One of the key requirement for the success of the SOX project is a good knowledge of the detector's response. The large dimensions of the detector require a careful mapping of its energy response in different positions within the scintillating volume. Since the energy of the incoming antineutrino is reconstructed from the positron energy, the knowledge of the energy scale is mandatory. Borexino has been calibrated several times in the past (2008 and 2009 calibration campaigns [7] ). These data are extremely useful in view of the SOX experiment. Since the SOX and geoneutrino signals have the same features, calibration data acquired for the geoneutrino analysis can be used also for SOX. Nevertheless, a new calibration campaign is foreseen before the arrival of the SOX antineutrino source. These calibration data are of extreme importance in understanding the detector behavior and to increase the reliability of the SOX Monte Carlo simulation code. Since the SOX analysis, the cut efficiency and the sensitivity studies are performed analyzing the output of the simulations, having an accurate simulation code is crucial for a proper data analysis.
Detector calibration with gamma and neutron sources
Calibration sources are deployed into the desired location within the scintillator using a series of interconnecting hollow rods, assembled into an arm that can be bent up to 90 • once inside the detector. The system is deployed through a pipe connecting the scintillator to the top of the detector (figure 1). To determine the source reference position, seven consumer grade digital cameras are fixed to the stainless steal sphere. The true location of a source is determined in the following way: a laser-illuminated diffuser ball, attached close to the source, is flashed while the CCD cameras take pictures simultaneously. During the 2008 and 2009 calibration campaigns, several sources of different types (α, β, γ, neutron) were inserted into Borexino to test the response to different particle types and to cover the energy region of interest for Borexino (which is larger than the SOX one). A detailed description of all the inserted sources can be found in [7] . Gamma sources cover the energy range between 0.1 MeV and 1.5 MeV. They are placed not only in the detector's center, but also in several positions within the scintillating volume to create a map of the energy response. The sources were dissolved in water and sealed in a quartz vial. A well understanding of the detector response to the gamma sources is necessary for SOX since the energy deposit of the prompt event is due to positron interaction with matter and to the signal due to the two 511 keV annihilation gammas. The 241 Am 9 Be neutron source calibration was performed for Borexino 8 B neutrino and geoneutrino analyses. However, those data are of fundamental importance for SOX, since the delayed event is due to neutron capture. Neutrons are produced associated with de-excitation γ rays with a total energy of 4.44 MeV. These γ rays, together with the recoil protons from neutron scattering in the medium, are responsible for a prompt scintillator signal ( figure 1) . Afterwards, neutrons thermalize in the hydrogen-rich organic scintillator and are captured either on protons or carbon nuclei, emitting characteristic 2.22 MeV and 4.95 MeV γ rays (figure 1). These γ rays produce a delayed signal according to the neutron capture time of ∼254 µs.
3. Monte Carlo simulation code and the physics modeling the detector response Particles depositing energy in the scintillator produce scintillation and Cherenkov light which propagates inside the detector and it is detected by the 2212 PMTs. For each event, the number of photon measured and the charge collected by each PMT and the time of arrival of each photon are measured. From these quantities, the energy of the event, its position and, in some cases, the particle type can be extracted. A precise knowledge of the detector response to different particle types and energies is fundamental for properly connecting physical and measurable quantities. The method of evaluation of the detector response function is based on a Monte Carlo simulation that models and predicts the expected shapes of the signal and background. It is an ab initio simulation of all the processes influencing the energy deposits in the materials building the detector. The scintillation and Cherenkov light emission, light propagation and detection processes are fully simulated as well as the read-out electronics. The Monte Carlo code produces a set of raw data with the same format of the real raw data, allowing an identical data processing [8] . Previously measured parameters are used as input values of the Monte Carlo code. The energy deposit and all physical processes of the light (from propagation to detection in the PMTs) are simulated using the standard GEANT4 [9] package while a custom C++ code simulates the electronic response. In view of the Borexino phase II solar neutrino analysis and the SOX measurement, the Monte Carlo code has been reviewed. Particular attention have been devoted in developing generators for sterile neutrino signal as well as in improving the reliability of the light collection and the detector's response for events far away from the center.
Conclusions
A complete knowledge of the detector response is fundamental for the forthcoming SOX analysis. Calibration campaigns with radioactive sources have been performed over the years. A new one is foreseen in the first months of 2016. The Borexino-SOX Monte Carlo code have been refined to increase the reliability of the simulations especially for events that interacts far from the detector's center. The new calibration data will be extremely useful for a final tuning of the parameters used in the detector simulation.
